orbitals around the phosphorus atom, and thus exhibit strong π-acceptor properties towards transition metals. 1, 2 We have demonstrated with bidentate diphosphinidenecyclobutene ligands (DPCB-Y) that this property is useful for catalysis, leading to highly efficient organic transformations. 3 More 20 recently, we have developed 2,6-bis[1-phenyl-2-(2,4,6-tri-tertbutylphenyl)-2-phosphaethenyl]pyridine (BPEP) as a tridentate PNP-pincer type phosphaalkene ligand, which successfully stabilizes a coordinatively unsaturated 15-electron complex with a high-spin Fe I center. This paper reports the synthesis and structures of BPEP complexes of copper. Although PNP-pincer type ligands are ongoing research topics in coordination chemistry, 5 their copper complexes have been extremely limited. [6] [7] [8] In this study, we found that BPEP forms a Cu I complex of a highly 30 electron-deficient nature, causing effective bonding interactions with "non-coordinating" anions such as SbF 6 -and PF 6 -.
The BPEP ligand was introduced to CuBr in toluene at 90 °C (Scheme 1). The resulting [CuBr(BPEP)] (1) was characterized by NMR spectroscopy and elemental analysis. 35 While it has been shown that [CuBr(pnp)] [pnp = 2,6-bis(ditert-butylphosphinomethyl)pyridine] as a phosphine analogue adopts a three-coordinate structure without Cu-N bonding, 6 complex 1 has the four-coordinate structure with a distorted tetrahedral configuration as confirmed by X-ray diffraction 40 analysis (see ESI). A similar structure has been found for the complex with a PNP-pincer type phosphinine ligand, and attributed to lower σ-donating ability of low-coordinate phosphorus ligands than phosphine ligands. 7 Complex 1 reacted with silver salts of non-coordinating 45 anions (AgX; X = SbF 6 and PF 6 ) to afford complexes of the formula "CuX(BPEP)" [X = SbF 6 (2a), PF 6 X-ray diffraction analysis. F1-Sb bond angle is 143.9(2)°, and the Sb atom adopts a typical octahedral configuration. The Cu-N and Cu-P lengths are in the range of PNP-pincer complexes (2.06-2.16 and 2.22-2.32 Å, respectively). [6] [7] [8] The most striking feature of 2a is the significantly short Next, we attempted to crystallize PF 6 complex 2b from a toluene solution. However, the crystalline product obtained was not 2b, but a cationic PF 6 -bridged dimer of Cu(BPEP) units, having a PF 6 -counter anion (6) . Figure 2 shows the X- anion. Accordingly, the latter arises from the μ-PF 6 group. A To gain further insight into the bonding interaction between copper and the μ-PF 6 group, DFT calculations were carried out. Initially, we attempted geometry optimization for a model compound of the cationic part of 6, [(bpep)Cu-(μ-PF 6 )-Cu-(bpep)] + (6'), in which the 2,4,6-tri-tert-butylphenyl (Mes*) 75 and phenyl groups on the BPEP ligands were replaced by hydrogen atoms. However, although the dimeric structure of 6 was reproduced, distances between the Cu and F atoms were unreasonably shortened (Cu-F1 = 2.16 Å; Cu-F2 = 2.48 Å). This is probably due to the absence of the bulky Mes* groups. Therefore, the geometry of the Cu-(μ-PF 6 )-Cu core was fixed to the X-ray structure, and the remaining portion was optimized assuming C 2 symmetry around the F3-Cu-F3* axis. Figure 4 shows the optimized geometry of 6' under the 5 above structural constraints. The Mayer's bond orders (B) for Cu-F and P-F bonds are also presented. There is evidence for a bonding interaction between Cu and F1 (B = 0.32) and a weakening of the P3-F1 bond (B = 0.66). It is also observed that the F2 atom interacts with the Cu atom with a bond order 10 of 0.13, despite the long distance between those atoms (3.054 Å). Bonding interactions of F atoms with Cu centers are also observed in several molecular orbitals (see ESI). 
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Cu I complexes bearing BPEP as a PNP-pincer type phosphaalkene ligand undergo effective bonding interactions with "non-coordinating anions" such as SbF 6 -and PF 6 -.
